INTRODUCTION
Community-acquired pneumonia (CAP) is one of the main causes of morbidity and mortality, and the prognosis depends on many factors including nutritional status [1] [2] [3] [4] . Malnutrition is associated with many adverse clinical outcomes including longer length of hospital stay, increased morbidity and mortality, and increased hospital costs [5, 6] . Therefore, early recognition of malnutrition at admission and early nutritional therapy in hospitalized patients are important in addition to treating the underlying diseases.
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In particular, malnutrition in the elderly is a major health problem [7] . In Korea, the population is aging at a faster rate than in other countries, and it is expected that the numbers of elderly individuals with CAP will increase in line with the increase in the elderly population [8] . Although many Korean studies have reported the incidence of CAP and its associated risk factors, there is a lack of information regarding malnutrition [9] [10] [11] [12] . Furthermore, no comparative information is available on the prevalence of malnutrition in these patients. We compared the prevalence of malnutrition between elderly and non-elderly groups and assessed the risk factors for long-term mortality. Furthermore, we focused on malnutrition in the elderly with CAP and performed subgroup analyses to better understand the influence of age and nutritional status.
METHODS Patients
Eligible patients included those aged ≥ 18 years old who were admitted to a tertiary teaching hospital (1,200 beds) due to pneumonia between November 2014 and September 2015. CAP was defined as an acute community-acquired infection of the pulmonary parenchyma and was confirmed radiologically. The inclusion criteria comprised the presence of new chest radiographic infiltrates on admission, and at least one major or two minor criteria, as follows. The major inclusion criteria were cough, sputum, or fever (38°C), and the minor inclusion criteria were dyspnea, pleuritic chest pain, pulmonary consolidation, and leukocytosis > 12,000/mL. We excluded patients who had been admitted to the hospital within the previous 90 days, immunosuppressed patients (patients with acquired immunodeficiency syndrome, or those receiving chemotherapy and/or corticosteroids [equivalent prednisone dose: 20 mg/day]), and those who had required regular hemodialysis (> 2 sessions per week) within the previous 30 days. All patients who were transferred from a nursing home were excluded to rule out healthcare-associated pneumonia. Patients classified as "do not resuscitate" were excluded. The patients were divided into two groups: an elderly group (age ≥ 65 years) and a non-elderly group (age < 65 years). Malnutrition was assessed by clinical nutritionists within 48 hours of admission according to our hospital protocol, which was structured based on the Academy of Nutritional and Dietetics consensus criteria [13, 14] . No single parameter is definitive for adult malnutrition; therefore, patients who were identified as having two or more of the following six characteristics were diagnosed with malnutrition: insufficient energy intake (duration = week, amount = % of target calorie), weight loss (duration = week, amount = % loss), loss of muscle mass (quadriceps and deltoids), loss of subcutaneous fat (triceps, chest), localized or generalized fluid accumulation (ankle, sacrum, and ascites), and diminished functional status measured using handgrip strength. Subsequently, malnutrition was classified into five criteria according to International Classification of Disease 9 clinical modification codes such as kwashiorkor, marasmus, protein calorie malnutrition, moderate malnutrition, or mild malnutrition. Chronic malnutrition was defined as a patient who had a reduced calorie intake < 75% for > 1 month and/or who lost more than 5% of their body weight in more than 1 month.
Data collection and analyses
Data were collected and analyzed retrospectively. The following information was reviewed from patient medical records: demographic data, pneumonia severity index (PSI), risk factors, variables associated with nutritional status, the Charlson comorbidity index (CCI), the metabolic index, and clinical outcome. The survival of all patients was confirmed at each time point by confirming the loss of health insurance qualification.
Statistical analyses
Statistical analyses were conducted using R software version 3.0.1 (http://www.R-project.org). Descriptive statistics included frequency analyses (percentages) for categorical variables and means, and standard deviations for continuous variables. To test for differences in clinical and laboratory findings according to age group or nutrition group, the Wilcoxon rank-sum test was used for continuous variables, as appropriate. The chi-square test or Fisher's exact test was used for discrete variables. Cox regression analyses were performed to identify predictors of 2-year mortality. After univariate analyses, significant and borderline (p ≤ 0.05) values were entered into stepwise backward multivariate Cox regression analyses. Two-way interaction terms were tested among the re-www.kjim.org https://doi.org/10.3904/kjim.2018.037 maining significant variables. To approximate a random assignment in the elderly, the propensity score matching method was used to create sets of patient groups with and without malnutrition specifically, which were adjusted for their ages and rates of intensive care unit (ICU) admission [15] . We used a genetic matching algorithm that automates the process of searching for a good match result [16, 17] . A genetic search algorithm can find a set of weights for each covariate such that the optimal balance can be achieved after matching. A genetic matching method was used to obtain the optimal ratio between the two groups without the ratio being limited to 1:1 or 1:2. The process was repeated until we obtained datasets with no statistically significant differences for age and rates of ICU admission. A two-sided p < 0.05 was considered statistically significant.
Ethics statement
This study was approved by the Institutional Review Board of Pusan National University Yangsan Hospital (05-2017-180). The requirement of informed consent from the patients was waived due to the retrospective nature of this study.
RESULTS
In total, 478 patients admitted to our hospital due to pneumonia from November 2014 to September 2015 were retrospectively reviewed. Of these patients, 198 were included in this analysis (Fig. 1) . The patients were divided into two groups: elderly (age ≥ 65 years, n = 131) and non-elderly (age < 65 years, n = 67).
Clinical characteristics of the elderly and non-elderly groups
The characteristics of the patients according to age group are shown in Table 1 . The overall prevalence of malnutrition was 39.4%. The proportion of patients with malnutrition was significantly higher (53.4% vs. 11.9%, p < 0.001) and body mass index (BMI) was significantly lower (21.1± 3.5 kg/m 2 vs. 22.7± 4.0 kg/m 2 , p = 0.004) in the elderly group than in the non-elderly group. In particular, the proportions of patients with kwashiorkor (9.2% vs. 0%, p = 0.011), protein calorie malnutrition (16.8% vs. 1.5%, p = 0.001), and malnutrition of a mild degree (22.1% vs. 10.4%, p = 0.044) were significantly higher in the elderly group than in the non-elderly group. The ratio of chronic malnutrition was also significantly higher (24.4% vs. 3.0%, p < 0.001) in the elderly group than in the non-elderly group. No significant difference in the metabolic index for nutrition was observed between the two groups. The CCI score was significantly higher (5.7 ± 2.1 vs. 2.5 ± 1.9, p < 0.001), and the PSI score was significantly lower (82.7 ± 33.2 vs. 90.3 ± 24.2, p < 0.001) in the elderly group than in the non-elderly group. The proportion of patients with a PSI classification above IV was lower in the elderly group than in the non-elderly group (PSI class IV and V: 39% vs. 44.8%, p = 0.039).
Clinical outcomes of the elderly and non-elderly groups
The discharge rate (81.7% vs. 97.0, p = 0.005), intermediate survival rate (1-year survival: 75.6% vs. 91.0%, p = 0.009), and long-term survival rate (2-year survival: 67.2% vs. 85.1%, p = 0.007) were significantly lower in the elderly group than in the non-elderly group (Table 2) .
Risk factors for 2-year mortality
Age, nutritional status, PSI, and CCI were evaluated to identify independent risk factors for 2-year mortality. Univariate analyses showed that elderly (≥ 65 years) ( Values are presented as mean ± SD or number (%). BMI, body mass index; CRP, C-reactive protein; PSI, pneumonia severity index. (Table 3) .
Clinical characteristics according to the presence of malnutrition within the elderly group
The characteristics of the elderly patients according to their nutritional status are shown in Table 4 . Before propensity score matching, the malnourished group was significantly older (77.2 years vs. 73.5 years, p = 0.001). BMI and serum levels of total protein were lower in the malnourished group than in the well-nourished group (BMI: 19.8 ± 3.0 kg/m 2 vs. 22.5 ± 3.5 kg/m 2 , p < 0.001; serum levels of total protein: 6.6 ± 0.8 g/dL vs. 6.8 ± 0.8 g/dL, p = 0.046). Use of a vasopressor and mechanical ventilation rates were significantly higher in the malnourished group at ICU admission (ICU admission: 14.3% vs. 1.6%, p = 0.009; use of vasopressor: 11.4% vs. 1.6%, p = 0.027; mechanical ventilation: 12.9% vs. 1.6%, p = 0.016). We performed propensity score matching analyses in the elderly group to reduce the effects of potential confounders, such as age and disease severity.
Propensity score matching analyses between malnourished and well-nourished patients in the elderly group
After propensity score matching, the final analyses included 87 patients, composed of a malnourished group (n = 37) and a well-nourished group (n = 50) (Fig. 1) . The BMI (19.9 ± 3.2 kg/m 2 vs. 22.1 ± 2.8 kg/m 2 , p = 0.002) was significantly lower in the malnourished group. No significant differences were observed regarding the PSI score, PSI class, CCI score, or the metabolic index. No significant differences were observed regarding the rates for ICU admission, use of a vasopressor, and mechanical ventilation ( Table 4) . The clinical outcomes following propensity score matching are presented in Fig. 2 . No significant difference in short-term outcomes was observed according to the presence of malnutrition. The hospital length of stay and the hospital mortality rates were not different between the malnourished and well-nourished groups (hospital length of stay: 15.2 ± 12.8 days vs. 13.5 ± 9.3 days, p = 0.474; hospital mortality: 5.4% vs. 2%, p = 0.389). However, hospital discharge status was significantly different between the groups. In the malnourished group, 70.3% of patients were discharged to home, which was lower than the rate in the well-nourished group (98%, p < 0.001), and 29.7% were transferred to long-term care facilities, which was higher than the rate in the well-nourished group (2%, p < 0.001). Moreover, long-term survival was also significantly lower in the malnourished group than in the well-nourished group (1-year survival: 67.6% vs. 90.0%, p = 0.009; 2-year survival: 59.5% vs. 86%, p = 0.005) (Fig. 2) . 
Risk factors for 2-year mortality in the elderly group
Age, nutritional status, PSI, and CCI were evaluated to identify independent risk factors for 2-year mortality in the elderly ( Values are presented as mean ± SD or number (%). BMI, body mass index; CCI, Charlson comorbidity index; PSI, pneumonia severity index; ICU, intensive care unit. 
DISCUSSION
This study focused on the correlation between nutritional status at admission and long-term clinical outcomes in patients with CAP. Overall, 39.4% of the hospitalized patients with CAP were malnourished at admission. The proportion of malnourished patients was significantly higher (53.4% vs. 11.9%, p < 0.001) in the elderly group than in the non-elderly group. Approximately one-half of the elderly Korean patients with CAP were initially malnourished. Malnutrition in the elderly with CAP was associated with a worse patient condition at discharge and poor long-term mortality. Moreover, malnutrition was an independent predictor of 2-year mortality after discharge in the elderly patients. Considering the high prevalence of malnutrition and prognostic impact on long-term mortality in this group, a routine nutritional assessment at admission is mandatory as a first step for appropriate nutritional therapy. Pneumonia is a common and serious problem in the elderly, and is associated with increased morbidity and mortality [1, 18] . In this study, 66.2% of the patients who had been admitted to the hospital for CAP treatment were > 65 years of age. To date, PSI or the "confusion, urea nitrogen, respiratory rate, blood pressure" (CURB)-65 measurement are the most common tools used to stratify the severity of patients with CAP. Among parameters in both scoring systems, old age is the most significant. However, the effects of age itself on prognosis might be weaker exclusively among the elderly population [19] . In addition, PSI and the CURB-65 have been validated to assess short-term mortality in CAP patients but not long-term mortality. In this study, the PSI score was significantly lower in the elderly group than in the non-elderly group, which indicates that the elderly may have a higher rate of hospitalization than the non-elderly despite their relatively low disease severity. This difference in disease severity may be why there were no significant differences in the short-term outcomes, such as hospital mortality or length of hospital stay, between the elderly and non-elderly groups. Nevertheless, more patients in the elderly group were transferred to a nursing care facility at discharge and died during the 2-year follow-up period. It is not certain if this was related to the effects of aging itself or to CAP sequelae. This study suggests the possibility that poor long-term outcome is closely related to both malnutrition and comorbidities in the elderly group. These two factors were independently associated with 2-year mortality after discharge (hazard ratio [HR] for malnutrition, 3.06; 95% CI, 1.44 to 6.50; p = 0.004) (HR for comorbidity, 1.37; 95% CI, 1.18 to 1.58; p < 0.001), in line with previous data. In particular, malnutrition is a major contributor to increased morbidity and mortality, decreased function and quality of life, increased frequency and length of hospital stay, and higher healthcare costs [5, 6] .
Globally, the over 65-year age group is a nutritionally vulnerable group, and the prevalence of malnutrition is as high as 40% in those admitted to the hospital [20] . In this study, 53.4% of the elderly with CAP were initially malnourished. The malnourished patients in the elderly group showed a lower rate of discharge to home and a lower long-term survival rate after discharge (Fig. 3) , which suggests that elderly patients with CAP are nutritionally at risk and susceptible to morbidities and poor long-term outcomes. In data from a previous study, adverse consequences of malnutrition on physical and psychosocial outcomes were independent of underlying disease and disability [21] . Despite the resolution of pneumonia, malnourished elderly people have an increased risk of developing impaired muscle and re- spiratory function, which may lead to adverse long-term outcomes. Considering the increasing population of the elderly, it is worthwhile to evaluate the characteristics of this CAP patient subset. Several studies have recognized the prognostic importance of malnutrition in elderly patients [22] [23] [24] . However, most studies are limited in that the definition or indicators of malnutrition have been limited to a single parameter [22] [23] [24] . To date, no single parameter is definitive for determining malnutrition in the elderly [25] . This study was limited due to the relatively small number of patients from a single institution and the retrospective design. First, clinical outcomes such as 1-and 2-year mortality rates were collected at each time point by confirming loss of the health insurance qualification; therefore, this study may have overestimated the mortality rate of all patients. Second, the index of frailty or sarcopenia of the patients at discharge was not collected, but was replaced by clinical results, such as the rate of discharge to home or nursing facility and longterm survival. Therefore, the cause-effect relationships between malnutrition and a poor long-term prognosis are unclear in this study. Additional studies are needed to confirm the process of malnutrition, frailty, and the long-term prognosis. Finally, there is also risk of bias when analyzing the risk of long-term mortality for a relatively small number of patients. Nevertheless, the purpose of this study was not to demonstrate its relevance but to provide a basis for a future large-scale population analyses. The main advantage of our study was that the diagnosis of malnutrition was routinely assessed and documented on admission by two clinical nutritionists, according to Academy of Nutritional and Dietetics consensus criteria, which are currently being used by many practitioners as part of the nutritional care process [13, 14] .
In conclusion, malnutrition was associated with an increase in adverse discharge status and increased longterm mortality risk in the elderly with CAP. Nutritional status is a principal determinant of the health trajectory and outcome following discharge from the hospital in the elderly. Clinicians need to recognize that nutritional screening is important as an integral part of clinical practice, and a standardized format is needed to identify malnutrition and ultimately its treatment [26] .
